Effects of the sea-level changes on a wave-worked Gilbert-Type delta (Late Pliocene, Aguilas Basin, SE Spain) by Zazo, Caridad et al.
Effects ofsea-leve1 changes on a wave-worked
Gilbert-type delta (Late Pliocene, Aguilas
Basin, SE Spain)
C. J. DÁBRIO*, T. BÁRBÁn**, C. ZAzO*** & 1. L. Goy****
* Departamentode Estratigrafía, Facultad de Geología, U.C.M. and
Instituto de Geología Económica C.S.I.C. 28040-Madrid (Spain).
** Departamento de Geología, Universidad de A/caíd de Henares,
28871-Madrid (Spain).
*5* Departamento de Geología, Museo Nacional de Ciencias Naturales,
C.S.I.C. José Gutiérrez Abascal 2, 28006-Madrid (Spain).
*55* Departamento de Geología, Facultad de Ciencias, Universidad,
37008-Salamanca (Spain).
ABSTRACT
Tite ba>’ of Cuatro Calas was formed isa late Plioceno times by a local
dowsaward bondisag ofoIdor Neagosae matorials, witicit favaured a relativo riso
of sea lovel asad isavasiosa by tite sea. Tite studied bay-fill deposits casasist of
usaits, witit largo-sealo faresets diat filled most of tite dopression tappod by tite
yousagor sets of offlappirag trasasitiasa-zone units witit asa overalí tabular sitape.
As a witole, tite>’ generatod a Gilbert-typo delta morpitalogy titat actualí>’ is
a summatary of smallor-scale delta usaits depositoddurisag successive itigitstasads
of sea levol. Wo can observe asal>’ titese itigitstand delta depasits. Lowstasad
wedges lay usador tite Prososat Meditorranoasa sea.
Accordingtotite sedimentalogical data, wedoduceadeltamodelconsistisag
of a river plain witit rapidí>’ sitiftisag citasanels, a wave-workod delta frosat witit
gravelí>’ refloctive beacitos, a sarad>’ delta platform, and a steop delta síape.
Tito isaput of sediment was episodic, and tite delta remaisaed inactive durisag
long poriads, subjected to wave rowarkisag isa tite sitallow areas. Tito Cuatro
Calas Gilbort-type delta fits Postma”s (1990b) prototypo 4 («classic Gilbeli-
Cuadernos de Geología Ibérica N.0 15, 103-137. Madrid, 1991.Edit. Universidad Complutense.
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type»). It is comparable to preserat-day deltas of opitomoral streams feedisag
graveil>’ beacitos in SE Spain
Progradation of tite delta generated a two-fold large-seale cross-
stratification: a lawer itigit-angle related to tite advancing delta-foreset asad tite
uppor ono associated to progradation of beacit usaits.
Tito devolopmont of tite complex Gilbort-typo delta followed a repetitive
pattem ira response lo fluctuations of sea leve!: progradation of higitstand
Gilbert-íypo delta (stago 1) was followed be esatrencitmesat and coastal wedge ira
lowstand and early transgression (síage 2). Tite various parts of tite delta reacted
difforently to titose sea-leve! citangesand generated variable facies associations.
Tite rapid evolution of tite bay-fill can be relatod ta itigit-frequesacy
fluctuatiosas of sea-level already documerated inSE Spain durisag Lato Plioceno
asad Quatersaary, superimpasod ora longer-lasting tectonic uplift.
Key words: fan delta, sea level citanges, Neogene, Aguilas Basin, Betic
Cordillera
RESUMEN
La Bahía de Cuatro Calas se formé en el Plioceno superior cuando los
materiales neógenos más antiguas se flexianaron propiciando una subida
relativa del nivel del mar y la inmersión de la nueva cuenca. Los depósitos de
relleno de baitía consisten en unidades con grandes foresets, que rellenaron la
mayor palie de la depresión, coronados par unidades más jóvenes do la zona
do transición deltaica situados en offlap y cuya morfología de conjunto os
tabular. Todos ellos, formaran un delta do tipa Gilbeli complejo que en
realidades la sumado unidades doltaicas de menor escala depositadas durante
periodos de nivel del mar alto (itigitstands). Sólo se pueden observar los
depósitos de itigitstasad. Las cuñas do lowstand se encuentran bajo el
Mediterráneo actual.
De acuerdo con los datos sodimentológicas, deducimos un modelo
deltaico que consisto en una llanura aluvial cosa canales de baja estabilidad
lateral, un frente deltaico rotrabajado por el oleaje cosa playas reflexivas de
gravas, una plataforma deltaica arenosa y un talud abrupto. El aparte de
sedimento era episódico y el delta permanecía inactivo durante largos
poriodos, con las zonas someras sometidas al rotrabajado de] oleaje. El delta
de tipo Gilboli corresponde con el prototipo 4 («delta do tipa Gilbeli clásico»)
de Postma (1 990b). Es comparable a los deltas actuales de corrientes efímeras
que alimentan playas de grava en el sureste de España.
La progradación del delta generó una estratificación cruzada doble: una de
bajo ángulo debida a la progradación do playas do grava y otra do alto ángulo
producida por la progradación del talud doltaico (farosot).
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Así pues. el desarrollo del delta de tipo Gilbeli compleja siguió una
secuencia repetitiva en respuesta a las fluctuaciones del nivel relativo del mar:
progradaciósa de deltas do tipo Gilbort durante el higitstand (estadio 1) seguida
de encajamionto y depósito de cuñas costeras durante el lawstasad y el
comienzo de la transgresión (estadio 2). Las distintas partes del delta
reaccionaron de forma diferente a estos cambios del nivel del mar, generando
asociaciones do facies variables.
La rápida evolución del relleno do la bahía puede estar relacionada con las
fluctuaciones del nivel del mar de alta frecuencia descritas en el sureste
español durante el Plioceno superior y el Cuaternario, asociadas cosatendencias
tectónicas do surrocción de mayor alcance.
Palabras clave: fan delta, cambias del nivel del mar, Neógeno, Cuenca
do Aguilas, Cordilleras Béticas
INTRODUCTION
Tito sodimosatary facies of fluvialí>’ dominated Gilboli-typo deltas hayo
boen treatod isa detail by a numbor of autitors ira recesat yoars (Postma 1984,
Pastma & Roep, 1985, Colefla u al., 1987; Cabila, 1988 a & b; Massariy
CabIla, 1988; Prior & Borsaitold, 1988). Wave reworked Gilbeli-typo deltas
are less well rocognized, altitougit somo autitors pointed to wave-worked
«topsots» (CabIla, 1988 a & b; Postma & Cruicksitasak, 1988, Massari &
Parea, 1990). Tite term tapset comes from Gilbert (1885), and denotes dio
subharizontally deposited alluvial facies witicit rests on top of tite subaquatic,
stoeply incliraed foroset facies. Becauso tite wave-reworkisag takes place isa a
Zane wbicit is transitional from tite alluvial eravironment into tite realm of tite
delta foresot, tite original term tapsot can saot longerbe app~iod s.s. Titorefore,
Wescott & Etitridge (1980) introduced tite term transition zane to denote
doposits witicb are subitorizontally doposited osa top of tite foresot, and are
wholly ar partialí>’ reworked by waves.
Tite aim of titis paper is ta focus ora tite evolution of tite delta systems asad
tite sedimeratalogy of a wave-worked Gilbert type delta osa tite basis of a case
itistory aflate Plioceno age studied ira tite Aguilas Basin isa SE Spain (Fig. 1).
Tite sedimontology of titeso doposits itas been studied in detail for tite first
ttme. Empitasis will be placed ora tite sedimeritary facies of tite trasasition zane
arad tite faresot beds.
TECTONIC SE~P1NG OF THE GILBERT-TYPE DELTA
Sedimentatiosa in tite late Noagone arad Quatornary basiras ira SE Spain took
place in partly-isatercorasaoctod basisas genorated by tite Iberia-Africa collision.
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Fig 1 —Location rnap of the studied area in the structural sketch ofthe Agutías Arc (modified
after Coppier el al., 1989).
Hg 1.—Localización del área de estudio en el contexto estructural del Arco do Aguilas
(modificado de Cappier el al., 1989).
Titis systom, mainí>’ isaiterited from previous structural stages, was affected by
compression arientod raugití>’ N-S, witich isaduced a sligitt perpendicular
oxterasion. During middle Plioceno times, tite stross field arad tite directiosa of
[Li] ~
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regional sitoliening sitifted from N-S to NW-SE. Tite tectoraic ovolution of tite
late Neogene Basiras of tite Betics was cosatrolled it>’ asa wide NE-SW sinistral
latera! sitoar zane (Ng. 1) (Mantonat cf al., 1987, Sanz de Galdoano, 1990).
Tite rotation of dio stress fiold had a notable effoct upan tite cinematics of
faulting, arad consequently on tite geometry asad sedimentar>’ fdlisag of tite
basins. Twa types of basisas evalved simultanoously: wresacb furrows asad
graberas.
Previausly, ira tite Early and Middle Mioceno, tite Aguilas Basisa was
submerged arad covored by pelagic sedimosats. Movemerat along tite fault
zones (Moreras asad Palomares systems, Fig. 1) resulted isa an arc-sitaped
deformation of tite basemont (Coppier a al., 1989), and caused regional uplift
asad continental sedimontatiosa ira tite lippor Mioceno (Mosatesaat el al., 1978).
Ira tite earl>’ Plioceno tite Aguilas Basisa was again submerged, arad sitallaw
marine fossiiliforous yellaw sands asad calcarenites were depasited. in late
Plioceno, tite basin retief citanged due to a rotation ira tite stresst’ield (Ott
d’Estevou & Mosatonat, 1985; Montenat el al., 1987). Lato Plioceno (to
Present) NW-SE compression resultod isa folding asad reactivation of initerited
N 70-800E fault structuros, botit casatrolling tite formation of trougits (area of
Cuatro Calas (Fig. 2). Ono of titese troughs formed a bay marginai to tite
Mediterranean sea arad recoived sedimorats from botit pre-Tertiary asad oIdor
Neogeno saurce rocks. Tite late Plioceno units were doposited ira tite ba>’ after
a relativo riso of sea leve!, partly caused by local downward bending,
subinerged tite basin (Fig. 2).
SEDIMENTOLOGY OF THE LATE PLIOCENE BAY FILL
General
The late Plioceno ita>’ filA is exposod ira Cuatro Calas (Fig. 1), between tite
villages of Terreros (provisaco of Almería) arad Aguilas (provinco of Murcia).
Localities citod isa tite text are numberod from 1 ta 8 (Fig. 2), arad may be easily
fausad in tite fioldby measas oftite numbored, witite-painted concrete landmarks
pin-pointing tite coastal zane, witich we used as Iocahty roferences isa tite text
arad figures.
Tite pre-Neogone basomesat of tite basin arad tite adjacent mausatain rangos
titat acted as saurce rocks is mado up of motamorpitie and metasodimentary
rocks (quartzitos, dolomites, micascitists, pityllitos asad marbios) of tite
Interna! Zane of tite Botic Cordillera (Figs. 1 and 2). Canraibalizod Neogeno
sedimontary asad volcanic rocks also cosatributed ta tite basisa filí.
Tito bay, marginal to titeModiterranoan Sea,extended isalasad ira mi westersa
diroctian asad was filled witit a camplex successiosa of uraits separated it>’
orosiona! surfaces (Fig. 3). Titeso units are informal and bayo been used isa a
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Fig 2—Aboye, left: reconstruction of the Aguilas Basin in the early Pliocene. Aboye, right:
sorno paleogeographical frarures of the Cuatro Calas arta during the late Plioceno. Below:
geologic map; note syncline axis.
Fig 2.—Ai-riba, irquierda, reconstrucción de la Cuenca de Aguilas duranteel Plioceno Inferior.
Abajo, derecha: algunos rasgos del área de Cuatro Calas durante el Plioceno Superior. Abajo:
mapa geológica; obsérvese el eje sinclinal.
descriptivo way; no classificatiosa is intonded. Isa same cases erosion removed
most of tite sedimesatary record of units. Tite forar oIdor units are large-scalo
cross-stratified, witit well-developed foresets. Tite>’ weronamed as Units 1 to
4. Tite yousager usaits accur urador a general tabular geomotry made up of a
largo number of marine and terrestrial deposits arranged isa asa offlappisag
pattorn ira an multistore>’ trasasition zone. Marino units were named as M-l ta
M-5 witoreas terrostrial units were named T-l to T-3 (Figs. 4 asad 5). Units M-
O asad T-O, also present isa tite area mapped isa Fig. 2, woro nol included isa tite
presesal study. Tite vertical stacking of allthesounits genoratedaGilbeli-typo
delta morpitalogy (Figs. 3 asad 4) witich, of caurse, does not corresponó ta a
singlo evont of delta progradatiosa but, instead, rocords a complex bistor>’ of
relativo sea-level citanges, tectanic trosads and modifications of sediment
supply. However, for an>’ particular timo there oxistod a delta geometry titat
occupied pali of tite bay.
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Fig 3.—Schematic cross-sections of the bay fílí in Cuatro Calas.
Fig 3.—Cortes geológicos esquemáticos del relleno do la bahía de Cuatro Calas.
Bolow wo describe briefly tite most outstanding features of titeso units.
Unit 1
Description
Urait 1 is tite oldest mid dio more extonsivel>’ reprosesatod of tite basisa filí
(Fig. 2). It lays usaconformabí>’ upora fino-grained, fossiliferaus lower-middle
Plioceno yellow sasads asad calcaresaites. Tito visible titickraoss of dio usait does
saot exceed 15-20 m.
Tite unit cosasists of pobbly calcareraites, canglomerates, asad yellaw
weakly-cemented micaceous sandstasaes. Tito fossil cosatosat of coarsor-
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Fig 5 .—Panoramic view of the complex Gilbert-typedelta, normal toChe progradation, between
Caía de la Higuerica asad Caía Carolina (locality 3). Compare with figure 3.
Fig 5.—Panorámica del delta de tipo Gilbert complejo, perpendicular a la dirección de
progradación, entreCaía de la Higuerica y Cala Carolina (punto 3). Compárese con la figura 3.
organisms. Accumulations of bivalvos, largel>’ moulds due to leaciting asad
dissolution, are comman. Tito finor-grainod layers yield Ch/amys, Ostrea,
Pecten, G’yphaca, Ba/anus, caralline algae, ecitisaoids and largo (up ta 60cm-
long) bonos of mammals (2 witale, Fig.’7 A).
Canglomerates occur isa tite Iowor pali of tite unit and also toward tite
sitallow marine areas and margins of tite ba>’, as doduced from detailed
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mappirag and geometry of usaits. Tite coarso-graisaed facies interfinger witit
fisaer sasadstosaos and calcarosaites witicit develap large-scale clisaoforms
toward dio basisa interior (Figs. 2 and 3).
Tite interfingering is well observed isa Rambla do los Arojos (lacality 1,
Fig. 6). Tite conglonierates wedge out to tite NW whoro fine sandstones
dominate. Individual sets of crass-bedded casaglomerates, up to 50 cm isa
iteigitt, exitibit well preserved mogaripple geometry (Fig. 7 B). Successive
wedges of trougit cross-beddod coraglomerates are separatod by truncation
surfacos. Sitelís of bivalvos asad pebbles (0.5 to 2 cm isa graira sizo) of tite
metamorpitic rocks formirag tite basement of tite basin aro tite caarsost
composaonts. Masa>’ sets of cross bedding are altemativol>’dominatod by shell
asad siliciclastic material. It is isatorestisag tanate titat paleocurrosais paisat to tite
SW (N 240~270O E), i.e. toward tite basin margisa.
Similar arrangements aro observed isa otitor localities. At locality 2, dio
erosional base of tite usait dips 25~30O to tite SE. Titore, a 40 toSO cm-thick,
set of cross-bedded fossiliforous cosaglamerato asad coarse sasadstasae rests
upan tite basal erasional surfaco and climbs upslope (NW). Foresot laminae,
up to 15 cm ira titickraess, lay almost horizontal or dip very gently to tite NW.
Truncation surfacos separato succossive sets of cross bedding witicit are 60 to
SOcm long. Shallow-marmne fossils are similar to titase cited carlior. Titore aro
otitor, coarser-grainod layers similar ta titase doscribed ira Rambla de los
Arejos. witit paloocurrosats Msa pointirag to tite SW. Tite overlayisag finer-
graisaed facies are poarí>’ represonted duo to erosion.
Betweosa Caía Carolina asad Caía de la Higuerica (locality 3) tite erosianal
surface of tite unit dips to tite NE (Fig. 3). Hero. sets of fossiliferaus
coraglomoratos asad pobbly coarso-grainod calcaroraites climb upslope. with
paloacurrerat measuremerats ranging from N 1500 ta 2400 E. Tito isaterfingerisag
of coarse sediments witit more dista], clinostratified, yellaw sandstanes arad
calcaronites is well expasod.
Tite distal facies are largo-scalo cross-stratified: titeso are tite oldest
exposed foresot beds fillirag tite bay. Dips of fareset beds chingo downslopo
from 250 to less than 1 5~. Titey cosasist of yellowisit cemerated sandstones witit
a witite weatitered colaur. Beds aro 25 to 40 cm titick witit frequent normal
grading onding upward isa vory fino sasad asad silt. Tite interna] structure of
foresot beds is ver>’ faint parallol (and inclined) laminatiosas witicit may
citango upslope isato cross beddirag also directod upslope. Largo and aburadant
sitolís of Ch/arnvs sp are typical for titis unit. Ch/amys is particularí>’
abundant, and well preserved 200 metros wost from locality 7. Many sitolís
itave attacited Balasaus up to 15 mm isa sizo. Mast layers are isatensoly
burrowed; gallones arad tracks occur parallel to tite original dip of clisaoforms
(Fig. 8 A). Burrowing, botit vertical arad (or) parallel to tite original inclinod
dip, is vory intense in man>’ layers, paliicularly titoso of tite distal zones.
Battomset beds are not well exposod hin tite>’ laok ta be similar to titase
of tite foresot witit incroasiragly finor grain.



































Fig 6.—Section nf Che coastal deposits of foreser Unit 1 in Ramblade Los Arejos (locality 1).
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Interpretation
Tite coarse sodimonts of tite lower pali of tite unit (localities 1, 2 asad 3)
occur on top of orosional surfacos incised durirag a relativo lawstand pitase.
Sublittoral (nearsitare) swasit bars migratod toward tite sitare durirag tite
transgression gonerating cross-sots witicit climbed up tite orasianal stirface
(localitios 1, 2 arad 3). Cosatinued sea-level riso drowned tite bars arad left titem
boitirad, almost untaucited until tite>’ were draped by tite prograding fine
sedimorats of tite clinostratified pitase.
Mast of tite deposits of Unit 1 are coarse sedimesats isa tite sitallow,
proximal areas witicit citasagod toward tite basisa interior into burrowed
saradstones and calcarosaites witit clinostratifiod foreset structuro (Fig. 3).
Titose coarso-grainod facies wore depositod ira tite shallow sitelf arad margisas
of tite hay (Fig. 2) witero lunato or sirauous-crosted megaripples migrated
rougitly parallel to tite axis of tite basin and tite iraferred elosagatiora of tite
sitelves. Movements of water masses, drivesa by storm winds blowing from
tite east, ma>’ provide tite mecitasaism driving tite megaripples. Coastal asad
nearsitaro sedimonts fed tite megaripples. Citangos of sodiment saurce
controlled it>’ seasonal fluctuatiosas (i.e. river discitargo vorsus beacit-dorived
sodiments) may oxplaisa titeoccurrence of dominaratí>’ siliciclastic arad skeletal/
bioclastic intervals ira foreset lamiraae of crass-beddirag.
Durisag titis stage tite sodimontation isa tite ba>’ was dominated it>’ marine
procossos and Gilbert-typo deltas were not fulí>’ devolopod. Facies arcititoctui’e
of tite marine facies does raot provide proaf of tite possible deltaic nature of
doposits. Tite oral>’ possoble eviderace may be tite occurrorace of woll-roundod
coarse conglomerates ira proximal zosaes.
By pragradirag ta tite oast (N lO0..1lOO E), tite conglamorates asad
fassiliferous sarads of Unit 1 draped, and partly filled, tite hay (Fig. 3).
¡¿uit 2
Description
Dopasits of Unit2 usaconformabí>’ avería>’ titecoarso-graisaed, fossiliferous
conglamorates of tite Usait 1 isa tite itilí soparating Caía de la Higuerica from
Caía Carolina (locality 3), rosting upan a spoora-sitaped surfaco (Fig. 5). Tite
lititology of foreset beds varios fram coarse calcaronitos arad cosaglomorates
ira titeproximal sitallow areas toburrowed yellow sasads arad calcarenites ira tite
deepor. somewitat doepor, zone. Tite citange, visible ira individual layers,
takes place wititin a few metros. Tite iratemal structure of tite beds is parallol
laminatiosa, particularly visible ira tite fisaer facies. Burrowisag, botit vertical
arad (ar) parallol to tite origisaally-iracliraod bod surfaces. is ver>’ intense
particularí>’ isa tite distal palis of layors.
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Fig 7.—(A): lnterlayeredbioclastic calcarenites (F) and parallol-lantuated sandstones (5). Ono
of tho calcarenite layors contains largo bonos of mammals (L). (13): set of cross-bedded
conglomerate with preserved megaripple morphology. paleoflow to tho southwest (rightof the
abserver). Locality 1, seo figure 6.
Fig 7.—Calcarenitas bioclásticas (F) y areniscascon laminación paralela(S) interestratificadas.
En una de las capas de calcarenitas hay grandes huesos de mamíferos (L). (B): set de
conglomeradas con estratificación cruzada y morfología de megaripples bien preservada:
paleoflujo hacia el suroeste (derecha del observador). Localidad 1 (yer figura 6).
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Tite foreset urait itas largo scale clisaofarms, moro titan 10 m itigit.
Successive groups of beds record individual pitases of progradation. Backsots
(sets of upslope-dipping cross-strata, seo Postma, 1984; Postma & Roep,
1985; Calolla et al., 1987) occur overlying tite erosional surfaco.
Interpretation
Unit 2 filled was deposited isa esavirasaments similar to titase of Urait 1, but
tite areal extesat of tite bay was smaller. It filled an irregular topograpity
sculpturod isa tite rocks of Unit 1 1 durirag a relativo lawstasad. Calcarenites arad
coarse sandstasaes of tite lower part, isacludisag tite basal backsots, carrespond
ta transgrossive systems tracts, witosa sitallaw marine bars were pusited
inlasad. Tite prograding higitstasad systems trací includos calcaronites and
conglomeratos (sitallow-marisao facies), titat citasage basinward isata yellow
sands (distal facies). Alí titese foatures suggost that titesediment was supplied
to tite foreset from tite itigiter, proximal pali witicit was closer to tite sitore
(Figs. 2 arad 3). As tite coarse graisaed facies is similar to tite doposits of tite
overlyisag transitiosa-zone urait, titere is a more dofinite evidence of tite
terrestrial provenance of titose materials via fluvial transpoli, and a doltaic
model may be iravokod more reasoraably. But still, it is not defiraite.
Unu 3
Deseription
Tite large-scale cross-bedded Unit 3 is nicely oxposod ira tite itilí of El
Cuartelillo (Figs. 3 asad 4), restisag usacoraformably upon Uraits 1 and 2 (Fig. 8).
Foresot beds are typically 25 ta 30 cm titick. Tite>’ aro paorly or raat
cemesated at alí, coarso to medium sands cammonly separated by 5 to 8
cosatimetre-thicklayersof ver” f~n~ ~nnds to silts. Thehigh cnntert of rock
fragments allow classificatiosa titoso sands as lititic areraitos.
Masay layers are narmally gradod with titin fine-grainod upper paris.
Usually, tite fino-grainod iratorvals are yellowisit ira colaur witereas coarse-
grainod intorvals are ligitt grey to yellowisit. Poorly-defined fisaing upward
sequosacos, 10-15 m titick are rocognized ira tite direction of progradation.
Tite isatemal structure of fareset bods is parallol (and inclined) lamination asad
undulatisag lamination, 0.5 to 1 cm titick widi low-asaglo trusacatiara surfaces
(locality 5). Isa sorne bcds,paralící ar uradulating lamination citangesupslope irato
crass beddffig directod upslope. Lamination is sometimos very faint.
Fossil cosatesat iraclude: Modio/a sp (abusadant isa locality 5-east), Ch/amys
sp, Pecten sp, and Ostrea sp. Burrows are mostí>’ vertical asad titey are
particularly abusadant isa tite uppormost 2 or 3 m of Units 3 arad 3-bis.
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Dips of tite foroset docreases downslope from 250 to 150 but prominent
lateralcitanges occur dueto adaptatiasa ta tite inegular base. Meanprogradatiosa
was ta tite SE (N 1300 E).
Titore arobacksets, up ta ano metro titick, at tite base of titeunit isa locality
4 (Fig. 8 B) and lacality 5-oast (50 m east of 5, seo Fig. 4). Tite>’ are corasist
of coarso to very coarse sasad (ar woakly comented sandstone). Isaterset
surfaces are erosional. Absoluto dip of laminao is ca. 150 upslope (NW), but
tho anglo widi tite isaterset surface is ca. 250. In lacality 4, scatterod boulders
40 cm long (a axis) itave attacited Balanus and Serpu/id worms indicativo of
a sitallow nearsitoro arigisa.
Tite isaclisaed foresot beds overla>’ titebacksots witit a downlap rolatiasasitip
(locality 5-east). An oxidized layer of fine gravol topping dio upper backsot
separatos botit sub-units. Tite ferrugisaous layer is a few cesatimetres titick.
Titere is a paorly dofisaed usait, separated from 3 by ara orosional surface,
witicit wo itavo named as foroset unit 3-bis becauso titoir identical lititologies.
It occurs isa localities 5 and 6 (Figs. 8 A mid 9 A) but dio poar quality of tite
outcrops does raot allow a more precise doscriptiosa and reliablo differentiation
isa maps asad cross-sections.
Usaits 3 and 4 will be interpreted tagetitor.
Unit 4
Description
Unit 4 crops aut isa tite eastorn osad of Puntado las Palomas (lacality 6, Fig.
9). It rests usaconformably upan an erosianal surface dissocting materials of
Usaits 3 and 3-bis. Lidiology of Usait4 is narmally-gradod grey sands. Graded
boddisag rangos from coarse to fine sands and silts. Somo layers contaisa
scattered pebbles witit maximum sizes up to 10 cm. Tite isatersaal structure of
foreset beds is parallol laminatiosa. Burrowing is intense, mastí>’ parallol to
beddisag surfaces. Dips of beds citasage dowsaslope from 250 to 200.
Progradation was to tite east (N 900 E).
Tite first two beds of unit 4, just aboye tite erosianal, irregular surface are
backsets (Fig. 9 A). Tite lawer ono is an upslope-dirocted, crass-beddod layer
of gravel filling a scourod surfaco. Fareset lamisaae of backset are almost
itorizontal but tite anglo witit tite clinofarms is ca 200. Overlying diis bed,
titore isa socandbacksetlayermade up ofparallol-laminatod sands (lamisaatiasa
parallel to clinoforms) witit scatterod pobblos diat citasage (upslope) into
upslope-diroctod crass beddisag witit tangential foroset lamisaae. Tite interset
surface is ratiter fIat.
As isa unit 3, foresets dawsalap tite backset sub-unit. At tite top of tite
backsots, a titin ferruginaus layer of fine grave] separates titem from tite
progradisag foreset beds.






Fig 8.—(A): erosional boundary between foreset Units 1 and 3 (locality 5); 3 B indicates unu
3-bis cited in the text. Thetop of tite section is the marineunit M-1 of tite transition zone. fleds
of Unit 1 are intensely burrowed (R). (B): erosional limit between Units 2 and 3 (local¡ty 4).
Backsets (8) and isolale baulders (G) with attachedBolanus and serpulidworrns at Ihe lower pan
Effects of sea-/eve/ changes on a wave-worked... 119
Interpreration of Units 3 and 4
Clinoforms evidonce titeprogradatiosa ofunits under tite actiasa of sediment
ladesa curresats witicit supplied sasad ta tite basin margin asad síapo. Mast
probably tite intornal structuro of tite foreset rosultod from an alternation of
sitali periods widi ityperpicnical flows dawsa tite delta síape (dominasace of
sedimentation) asad langor poriods of quietsaess (dominance of burrowing).
Sitali livod, spasmodic flows movisag down tite síape of tite fan delta
generated faint parallol laminatiasa asad normal graded bedding. We assumo
titat supercritical (itigit) flaw regime cosaditiosas migitt accousat for diogeneratiosa
of undulatisag lamination and upslope crass-bedded sandstonos as isadicatod
by Nomoc (1990). Osa tite atiter itasad, desasel>’ burrowod layers isadicate
repoated pauses in sedimentation durisag witich tite foresot surface, at tite
water/sodiment interface, was colanized by animals diat oxcavated camplex
gallones.
Tito large-scale erasional surfaces isa tite fareset facies aro steep-sided and
progress deep isato tite provicus foroset deposits (Fig. 5). Tite>’ oxitibitvariable
oriesatations. We isatorpret titose surfaces as tite rosult of incision asad pardal
dostructian of delta-front and foreset deposits during relativo falís of sea level.
Rebuildisag of delta faroset during later relativo itigitstands goraerated tite
orosional unconformitios. Tite faroset dopasits of Units ita 4 pragraded to E,
ESE, SE, asad E respectivol>’ (Fig. 2).
It is known titat wave rewarking causes continuaus dostruction of tite delta
isa a wave-dominated esavironment, but is less duning itigit-discitarges (Postma
pers. cam. 1991). Probably waves played a ralo as orosional agents but titoy
were activo oní>’ witen oscillatiosas of sea level approximated tite relativol>’-
deep zonos of tite delta to tite wavo base lovol asad allowod erosian of tite
bottom. Wc do ksaow titat wavos alano casa produce titose surfaces. Currents,
probably seaward-dirocted underwator (? subaerial) flows, may pía>’ a majar
role as woIl.
C}eomotry and vertical relationships of deposits, isadicate titat backsets
wore generated beforo tite progradation of forosot beds, because of tite
dowsalap arrangement. Tite backsets ovorlying tite erosional surfacos wero
depositod duning relativo lowstand or early transgrossive opisodos. An
additional proof oftite discantinuity between titese two facies istite ferruginaus
of unit 3. Thore are backsets in Unit 2 as well (below the largo boulder, O). Landmarks are 70
cm high. Compare with figure 4 far location.
Fig 8—Contacto erosivo entrelas unidades 1 y 3 (punto 5); 313 indica la unidad 3-bis citada en
el texto. El techo de la sección os la unidad marina M-l de la zona de transición. Las capasde
1 están intensamente bioturbadas (R). (B): límite erosivo entre las unidades 2 y 3 (punto 4). En
la parte baja de la unidad 3 hay backsets (B) y bloques aislados (O) con Balanus y gusanos
scrpúlidos fijos a ellos. También se ven hack-sers de la unidad 2 (bajo el bloque O). Los mojones
miden 70 cm de altura. Compárese con la figura 4 para la situación.
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~ig 9.—(A): irregular, erosional boundary (E) betwoen tite densely-burrowed foreser Unu 3
(actnally 3-bis) and the foreset unit 4. Thesurfaco is overlain by backsets (BS) which in turn are
downlapped (arrow) by the prograding foresets of unit 4. Aboye tite crosional surface (1<) titere
are marine andterrestrial Units (M-2, M-3 and T-2) ofthe transition zone, boundedby erosional
surfaces (O, U). Note the steep channel margin (U) and channel-fiII cross-bedding inclined to
the observer in terrestrial unU T-2. Tite areaexposed in rhe centreof the photograph is 7 tu high.
7.’
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(axidized) la>’er of fine graveis separating titem (localities 5 east asad 6), whicb
we interpret as a condesasation layer duo to tite relativo starvisag of deposits
after tite trasasgrossion and bofare tite fulí progradatiosa of tite ovorlyisag delta-
forosot during tite itighstand.
Massari & Parea (1990) observod that backsets isa fan deltas aro relatod to
orosional surfacos cosanected to relativo sea-level citaragos of eustatic origisa.
Backsots seem tobe preforosatialí>’ associated witit segmosats of the delta built
asa during pitases of relativo itigitstand of baso leve!, probably citaracterized
it>’ more intense reworkisag it>’ storm-driven flows. Titey statod that backsots
may be related to storm- orflood-induced, offsitoro dirocteditigitly concentrated
flows titat may uraderga acceleration down tite steep gradient of tite foroset




Coarse-graisaed depasits avería>’ tite foreset usait. Tite>’ are separated by a
fiat, orosional surface (Figs. 4, 5, 9 A asad 11 A) sligittly inclisaed in tite same
diroction as tite average delta pragradation (ESE).
Tite transitiosa zane is camposed of an offlappisag sequesace of manne
(sitallow to coastal) arad terrestrial (fluvial) deposits (Fig. 10). Distisaction
between doposits of tite two environrnonts was based osa potrograpitio
composition, texturos (mostly clast sitapes, raundnoss arad packing), fosgil
content, borisag of clasts, colaur, etc. Titese are essesatially tite entena usted
it>’ Etitridge & Wescott (1984) witit spocific modificatiosas useful far
Mediterranean late Neogone arad Quaternar>’ deposits (Bardají et al., 1990;
Dabrio, 1990).
Shai/ow marine fo coastal deposits (Usaits M-l ta M-5) cosasist of well
sorted, raunded asad notabí>’ sphenical clasts (Fig. 11 B). Quartzite is tite
domisaasat camponesat witit otitor metamorpitie rocks (dolomito, micascitists)
(13): clase up (arrow in the previous picture) of the parallel-laminared, inclined beds of unit 4.
Note scattered pebbles (P) an burrowir,g. The encircíedmier is 15 cm long.
Fig 9.—(A): contacto erosivo e irregular (E) entre las unidadesde foreset 3 (realmente la 3-bis),
que está muy biorurbada, y 4. La superficie está cubiertapor varias backsets (135) los cuales, a
su vez, están coronadosparlas capas inclinadas del foresot de 4 formandoun downlap (flecha).
Sabio la superficie erosiva (K) hayunidadesmarinas ycontinentales (M-2, M-3 y T-2) de la zona
de transición, limitadas por superficies erosivas (O, U). Nótese eí margen abrupto del canal (U)
y la estratificación cruzada de relleno de canal, inclinada hacia el observador, de la unidad T-
2. La altura del área expuestaenel centrado la fotografía es de unas 7 m. (13): detalle (verlaflecha
en la fotografía anterior) de lascapas inclinadas y con laminación paralela de la unidad 4. Hay
clastos dispersos (P) y bioturbación. La regia incluida en el círculo mido ¡5 cm.
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cantributirag ira minar proportiosa. Lateral associatiosas and veliical facies
successiosa cansist of a fisaing-upward sequosace, ono to titree metros thick.
Tite lititology is well-sorted coarse sandstones asad fine conglomerates. Tite
coarsost graisa sizes accumulate isa tite Jowor pali, upan an erosional surface.
Beddisag forms inclisaed large-scale, low-angle (50 to 80) cross-stratificatiasa.
Local upslopo imbrication of fiat clasts asad sets of cross bodding, usualí>’
pointisag upslope occur associatod ta tite fisaing up soquence. Marine fossils
iraclude skeletal fragmosats of bivalvo sitelís and coralline algae. Masay
dolomito clasts aro borod it>’ lithopitaga. Dominant co]ours are ligitt-yellow ta
grey.
Terrestrial (fluvial) deposits (T- 1 ta T-3) isaclude more irregular, angular
clasts witit majar compasaesat of motamorpitie rocks: micascitists, pityllites,
dolamite asad otiter rock fragments isa a coarse sand matrix (Fig. 11 C arad II
O). Titoy are derived from tite pro-Neogene basement, almost untosached
durirag traraspoli. Ira casatrast lo tite marine (boacit) units, clasts of quartzite aro
subordinate or alrnost absent.
We distinguisitod coarse-graisaed and fine-grainod facies titat can be
described as chasasael filí conglomorates and tabular or irregular sandy clay
facies respectivety. Typical chanrael-filí deposits consíst of conglomorates
witit angular and fiat-sitapod clasts; these foaturos osaitasaco tite tesadesacy to
imbrication. Citannel-filí deposits exitibit scoured bases (Fig. 11 C) and local
trougit cross boddisag withbath opon arad filled framewark (Fig. 11 0). Paleo-
fiow diroctions deduced from citasanel scouring, imbricatiasa arad local cross
beddisag, poirat to E asad SE, i.e. to tite paleo sea (Fig. 10). Tite tabular fino
graisaed facies are orange and reddish sasad>’ cla>’s witit burrowed, roal
horizoras asad roddened layers (Hg. ti C).
Jnferpretation
Marine layers aro iraterpreted as deposited ira coarso-grainod beacites of
tite roflectivo type bocause of titeir latoral associatians asad vertical facies
succession are comparable to thoso described for this type of coastal doposits
(Dabrio, Zazo & Coy, 1984; Dabrio, Coy & Zazo. 1985; Bardajf et a/. 1990).
Foresitare deposits displa>’ a largo-scale (up ta titree metros titick) cross
stratification inclisaed about 8~ ta tite sea (Figs. 9 and 10 ). Tite coarsest
fractioras available ira tite beacit accumulate at tite lower pan indicating tite
plunge stop. Tite fiat, gosatí>’ isaclisaed erasional surfaces cutting titrougit
foresitaro dopasits record citanges of beacit prafile, witicit usually aro rolated
tostorm erasiosa. Sitorefaco doposits, witesa presorved, consist of trougit cross-
bedded asad wave-ripple cross-laminatod sasads with scattered nearsitore
fossils.
Refloctive boacitesoccur isa tite fronts of presesat-day deltas of tite SE coast
of Spain. Ira Prosent examples, coastal dysaamics arad grain sizes cauple to
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Pig 10.—Representativo sections measured in the transition-zono units, and carrelation traced
by latera! continuity oflayers in te autcrop, to evidonco tite goametry of units. O, K, and U are
the erasional surfaces pictured isa figures 9 A and 11 A.
Fig l0.—Series representativas levantadas en las unidades de las zona de transición y
correlación efectuada por continuidad lateral decapas, que revela la morfología de lasunidades.
O, K y U son las superficies erosivas ilustradas en las figuras 9 A y 11 A.
produce beacites witere most of tite esaorgy of waves is ret’lected (Sonu, 1973;
Guza & Isaman, 1975; Shart, 1979; Wrigitt et al., 1979); flow diroctiosas aro
opposite, essentially bodi to tite land and seaward. Most of tite sedimerat
accumulatos ira dio upper foresitoro, generating itigitberms. Accumulatiosa of
titese beacites require wavos loss dian 1 m itigit asad coarso sedimorat (Md >0.6
mm), aldiougit titey casa stand moderato to itigit onergy witesa grain sizes are
largor (Sitoli & Wrigitt, 1983). Titus, titey are siteltered asad accrotiasaal
boacites (Bryant, 1983) dominated by accumulatiosa, lateral uniformity asad
temporal stability. Sediment isaput by rivers is transpolied alongsitare by
wisad-drivesa littoral drift foeding dio boacit. Tito small valumo of sedimerat
available to titeso beacitos allaws rapid citanges of titebeacit praSIo (Sitoli &
Wrigitt, 1983), often triggorod by variations isa grain size (Sitoli, 1984). Tito
sitoreface is gently inclisaed, but relativel>’ deep, witit searce, sandy deposits
and no bar developmosat. Titis is a majar difference witit tite dissipative higit-
energy conglomeratic coasts describod by Bourgoois & Leititold (1984).
Terrestrial deposits aro isaterproted as fluvial deposits of braidod, probably
epitemeral, rivers witit rapidí>’ sitifting citasanels asad a finor grainod fload
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fluvial systems aro apparosatly similar to titase existirag nawadays isa tite area
but witit loss tendency to incisiora.
isa tite environmosats described, sediment fluxes derivod from lasad may
enter tite basisa arad be depositod witbin tite transitian zane or tite delta foreset,
and be rapidí>’ cavered by wavo-worked sands. In titis case, distisactiasa
between sucit marine deposits witit a «torrestrial» texture arad real terrestrial
deposits may be very difficult. Tito occurronce of root layers (soil profiles) ira
alí tite terrostrial layers (Fig. 6) are isaterpreted as indicativo of true subaerial
conditioras. Howover wo cara not exclude tite possibility titat somo uraits witit
terrestrial appoarance may isa fact hayo a marine origisa. Isa aray case titis will
raot significantí>’ madify tite implicatiasas for tite interpretation of sea-level
citarages.
Titore are praminerat compositional and textura] differoncos betwoesa tho
coarse-grained marine arad alluvial deposits. Cosaglomerates doposited ira tite
noarsitore are better raunded arad sorted; isa additiosa, tite>’ are mastly compasod
of quartz. As tite described marine usaits carresposad to itigitstasad pitases asad
fluvial units to Iowstands, titese differonces can be relatod to variable isaput
cine to sea-leve> changos. Durisag >owstands, rivers transport to tite formor
sitelf largo amounts of siliciclastic sodimesats in response ta tite lawor baso
leve!. Titese trasnparted deposits itad accumulated isa rivor valleys during
precoding higlior stagos of sea level. Ora tite contrary, bigitstands impty a
relativo sitortago of alluvial input (particularí>’ tite caarsest grain sizes) to tite
sitare because much of it itad boen left beitisad, trapped as fluvial valloy-fills
ira proximal river caurses. So, titere was a docrease in tite isaput of coarso
sediment to tite bighstand delta, arad tite associatod beacbes became somowhat
starved. Titarougit movemorat of clasts by littaral drift alasag tite caast
improved sarting, rouradnoss arad almost complotely abraded tite loss resistant
rock fragmonts. As tite observed Gilbert-type delta was deposited during
itigitstands (lowstasad deposits lay below Presosat sea levol), titere was a
relativo sitortage of gravel asad relativo increase of abrasion-rosisting rocks
scoured lower boundary and (O) fload-plain mudstories. (O): Channel filí with trougb cross
bedded conglomerates (Gt facies) with opon and closed frarnework. Compare toxtures with
photagraph B. Photographs C and D are from unit T-2 in locality 7.
Hg 11.—Fotografías de las unidades do la zona de transición con la situación indicada en la
figura lO. (A) parre superior de la unidad de foreset 3 (3-bis) muy bioturbada. La sección es
oblicua a la dirección (nótese la estratificación casi horizontal). Contacto erosivo (G) con
lasunidades de la zona de transición M-2 y M-3. Los conglomerados conestratificación cruzada
de oleaje de M-2 corresponden a depósitos de la parte superior del shoreface. La Unidad Mi
con estraliticación cruzadadegran escala (ver figura 9 A) es un depósito de playarefloxiva (sólo
se ven los materialesgruesos de! plunge step) queprogradaba haciael ENE. (E) Conglomerados
bien redondeados finos y gruesos en el foreshore superior de M-3 (punto 8). (C) Conglomerados
de relleno do canal (R) con base erosiva sobro lutitas (O) de la llanura de inundación. (D):
Conglomerados do relleno de canal con estratificación cruzada en surco (facies Of) y trama
abierta y cerrada. Compárense las texturas con la fotografía 3. C y 9 corresponden a la unidad
T-3 en el punto 7.
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(qualiz asad qualizite). Gravels did not sigraificasatí>’ moyo to tite sitoroface
because of tite develapment of reflectivo boacites.
Marine asad torrestrial usaits occur isatorboddod and dotailed tracisag of
la>’ors casanectirag tite measured sectiasas was neoded ta rocognize titem.
Successive incisiora asad depositiora of usaits induce complox lateralrelationships,
as expasod arausad «El Cuartelillo» (localities 6ta 8, Fig. 10). Marino Usaits
M-l asad M-2 are separated b>’ terrestrial T-l, witit M-3 cappisag tite sectiosa.
Titese units are partí>’ erodod; tite terrestrial usait T-2 filís a deep incision asad
is follawed upwards by a coastal marine unit witit faroshoro facies expased
(M-4), a new torrestrial usait (T-3) arad tite uppor’most preserved marine unit,
M-5 (Fig. 10).
Tite canvorgence of facies, asad tite laterally-discoratinuous nature of
alluvial depositiosa malces it very difficult to trace tite preciso vertical upper
limit of tite transitiosa-zone usaits, arad ta distinguisit titem from tite yaunger
alluvial-fara de-posits related to epitemeral rivors (ramblas). Flawover, we
suggest titat tite trasasition zane iracludes up to M-5; dio terrestrial deposits of
T-5 are a youngeí-part of tite alluvial usaits mappod in tite area arausad Cuatro
Calas (Figs. 1 asad 2).
DISCUSSION
Wave-worked Gilbert-type delta model
Accarding to tite sedimesatalogical data presented wo cara interprete a delta
connectod to a river plaira witit rapidí>’ sitifting citannels. Rivors flowed
mostly from tite saoliit, bringing coarso sodimesat to tite sitare asad sitallaw sea
(Fig. 12). Tite coarser graira sizes werocaptured b>’ littoral drift asad trasasported
alosagshare until titey were accumulated inta tite gravelí>’ reflectivo boacites
of tite wave-worked delta front, witoro tite plusage-step deposits isadicate ver>’
precisely tite pasitiosa of tite water lino as documesatod by Dabria eta!., (1985)
and Bardají eta!. (1990). Wo propase that a delta platform extended seaward
of the wave-worked delta frant, as documentod by tite plano morpitolagy of
tite upper pali of tite sigmaidal foreset beds arad titeir vertical stackirag (Fig.
4). Tite platform was mostty cavorod with sand and scattered pobbles whicit
wero trasasported todoepor wators during rougit weatiter episodes (storm) asad
majar floads (Fig. 12), asad iracarporatod isato tite faresot beds. Direct transport
of coarse fluvial sediments to the distal delta front and síape across tite
platform ma>’ talco placo durirag titese itigit esaergy ovents. Tite sarad>’ platfarm
acted somewitat as a by-pass zane. Tito sigmoidal geometry of beds (Fig. 4)
suggests titat erosian during storms arad majar floads allawed sedimesatatian
aud vertical stacking of foresot beds. Benthic communities actively burrowed
tite battom of the platform arad obliterated tite original pit>’sical sedimentar>’
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Fig 1 2.—Schematic conceptual model of wave-dominated Gilbert delta in Cuatro Calas bay
(Aguilas Basin) and development of atwa fold cross bedding during delta progradation.
Fig 12.—Modelo conceptual esquemático del delta de tipo Gilbert retrabajado por el oleaje en
Cuatro Calas (cuenca de Aguilas) y desarrollo de dos sets de estratificación cruzada durante la
progradación deltaica.
structures, as seesa isa tite uppormost 1 to 3 metros of Usait 3 and 3-bis (Figs.
9 A arad 11 A). A stoop síapo witit dips rasagisag fram 250 ta 120 casanected tite
delta platform witb tite sitolf. Graded bedding asad intense burrowisagof delta-
fareset (síape) bods indicate an episodic input of sodimesat: downslape
avalancitirag was followed it>’ long inactive periods.
rellectve gravel beach a¡¡uv¡al pla¡fl
HIGH ANGLE CFiOSS BEDDING
progradation of delta foreset
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Tite important wavo reworkisag isa tite delta frorat (trasasitiosa-zoneUraits M-
1 ta M-5) also indicates titat tite alluvial isaput was episodic. Tite coastal
procosses itad time to soli aut arad distribute alaragsitore (mostí>’ as liltoral
drift) tite available sedimerats botweera succossiverivor floads. Ira aurexperierace,
based upan direct observations of deltas along tite moditorranean coast of
soutiteastem Spain, titemadel is comparable toprosent-day deltas of epitemeral
streams (ramblas) witicit feed coarse-graisaed beacites (Dabrio & Polo, 1981;
Bardají el al., 1990).
Tito absence of gravelly, moutit-bar deposits witicit are typical witen tite
fluvial iraput is concentratod ira point sourcos (Postma, 1990 a, b) straragly
supparts tite idea titat rivers delivered sediment to largo segmesats of coast
(lino saurco).
Progradation of tite delta generated a two-fold large-scale crass-
stratificatiora: a lower itigit-asaglo related to tite advancing dolta-foresot, arad
tite upper ano associatod to progradation of beacit units (Fig. 12).
As suggostod by ano of tite referoes, tite foresets ma>’ carresporad to largo-
scalo traugit cross bodding witit giant sets separated by sitarp erosional
surfaces. Ira aur apinion, tite paleogeograpitic rocansti-uctiosas of tite basisa
margiras titat is closed at tite back arad ofreducod sizo, tite ratiter itomageneaus
direction ofprogradation, titesimilar lititologies in foreset arad trasasition-zano
units (particularí>’ ira Units 3, 3-bis asad 4) asad tite difficulty of invokirag a
mecitanism ablo ta moyo tite largo-scale megaforms (megaripplos) ira sucit a
restricted space suggost a bay-fill connected to fluvial systems titat gonerated
a delta geamotry.
Delta classiflcation
Deltas may be fod by single rivors witicit ma>’ develop a braided distributar>’
plain or by alluvial-fasa systems. Tito increased knowledgo of delta processos
arad deposits arad tite growing intorest isa fasa-delta systems bayo resultod isa
several impartant quostioras witicit must corasider tite precise measaing of tite
torm fara delta or delta, arad itowtorecognize titem isa tite fossil record. Etitridge
& Woscotr (1984). Mc Piterson eta!. (1987, 1988). Nomec & Steel (1988) and
Nemeo (1990) discussod variaus t>’pos of classificatiosas asad criteria of
rocagnitiora.
Ethridgo & Wescott (1984) distinguisited titreo typos of fan deltas: slope,
sitelfarad Gilbert-typo deltas. Massari & CabIla (1988) fuliitor develaped tite
models of fan deltas preserating a review of titoir distisaguisiting foaturos.
According to titeso authors, Gilbert-type deltas are associated to smaU arad
tectanicall>’ usastable basisas, itavisag irregular, isadonted sitoreliraes, restricted
gulfs arad localí>’ steep siopes. Isaput of coarse sedimerat was isato protected
embayments, marginal to a laterally-confined, bow energy basiras (Colella et
a!.. 1987) and steep nearsitore síapes (coratrallod by active faults arad folds).
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Titis environmesat favours tite deposition of large-scale faresets (Dune &
Homptosa, 1984). Differosatial tiltisag asad subsidesace of adjacesat blacks ma>’
load ta an erratic pattorn of sediment disporsal.
Postma (1990b) stressod tite depositional arcititecture and facies of rivor
and fasa deltas isastoad of tite alluvial feedor system and tito actual modif>’isag
basinal processes for delta classit’icatian. Tite basis for a universal delta
classificatian sitauldeonsider: feedersystem, deptitratio, river-moutitpracesses
and diffusiosa processes due to waves, tides and gravity. Isa titis way Postma
(1990b, p. 17) describod 12 majar prototypo deltas.
Tite Cuatro Calas Gilbert delta fits prototype 4 («classic Gilboli-t>’pe»)
witicit develaps isa sitallow waters fod by steep-gradiont (ca. 0.40), oftesa
graveUy,alluvial systems comprising closely spaced, higití>’ mobile (unstable)
bedload citannols. Sediment isaput ta tite delta frontis essontially a lino saurco,
a multitudo of distributar>’ citannels witose offluonts mergo ta provide a moro-
or-loss usaifarm supply of sodiment alosag tite delta frosat (Type B feeder
systems). Tite palaoogeograpity at Cuatro Calas sitows a locatiosa near
mountaira rangos. We did saat recognizo defisaite alluvial-fasa facies isa tho
topset (trasasitian zane) depasits of Cuatro Calas, but oní>’ deposits of alluvial
citasanols (some of titem ver>’ promisaent, locality 8-east, 6) and flood plaisa.
Howovor, titeproximit>’ toa tectosaically-active basin margin and dio abusadance
of yausager alluvial-fan deposits recognized by mapping (Fig. 1) may paint ta
a fasa-delta settirag.
Sequence stratigraphical framework amI complex
Gilbert-¡ype delta
Tite bay of Cuatro Calas was gesaeratod durisag lato Plioceno timos by a
local dawnward besading of oldor Noagone materials witicit favourod a
relativo riso of sea levol arad isavasian by tite sea. Tite studied bay-fill doposits
consist of usaits witit largo-scale foresets titat filled most of titodepressiosa asad
were covored by yousagor sets of afflapping usaits (tite trasasitiosa-zane usaits)
witit an averalí tabular geometry (Fig. 3). As a witalo, they gesaerated a
Gilbert-type delta marpitology titat is actualí>’ a summatory of smaller-scale
delta units dopasitod durisag successive itigitstasads of sea lovel. At presesat we
cara observe oral>’ dio itigitstand delta deposits, lowstand wodges layisag under
tite presorat Moditerraneasa sea.
Evidenco for sea-level citanges comes from tite orosional surfaces fausad
ira tite fareset asad tite transition zane depasits. Tite largest surfaces iravolved
major isacisions excavated isato proviaus foresot units durisag lowstand pitases.
Tito gentío citasagos of strike asad dip of delta-foreset beds from Usait ita Iinit
4 (N 900 E, N 1000 E, N 1300 E, N 900 E respectivol>’, Fig. 2) refloct sinalí
latoral sitifts of tite active labe isa successivo itigitstasad deltas. Titose
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modifications may be rolated ta syrasodimesatary uplift of tite nortitersa margin
of tite ba>’ more or less caeval witb tite sea-lovel fluctuatiasa. We ruled out a
slump arigin for titese surfaces isa tite foreset, for as far as we could observe
titoro was no evidesaces of slump pracesses or collapsed matorials.
Mare data can be abtained about tite depositional itistory from tite study
of tite trasasition zone, because it records tite afflap of marine asad terrestrial
units (Fig. 10). Tito offlappisag pattersa must imply repeatod oscillations of
relativo sea lovel (Fig. 13). Acammon feature of titose doposits istiteirscour-
arad-filí trond: titoy fil] spaces eroded inta provious coastal usaits asad adapt to
eacit otitex<s marpitology using tite compensatiosa spaco available. Tite study
of titevertical displacements of titeplunge-stopfaciosisadicates tl’¡at, apparontly,
titore is almast no differesace in absoluto water-deptit involved isa diese
citanges. Wo talco titis as evidesace of tite scarcity of vertical accammodation
space left for dopositiosa, because tite top of tite fan-delta prism asad dio sea
leve] or tite baso levo] of rivers wero too closo to oacit otiter. Titis ma>’ a]so
explaisa tite orosion along tite tapmost pali of tite foreset sasadstosae usaits.
Titese foatures are aur main argumesat far eustatic isastead of tectasaic causes.
Ira any case titere was a tectonie trerad to upliftirag aroas to tite wost asad nortit
of tite hay during tite late Neogono and Pleistoceno, as documesated isa aroas
nearby (Bardají ef a!., 1990).
Titero are oxamples in tite geological literature of erosional surfaces isa
foreset deposits titat itave been interpreted as itaving oititor eustatic or toctoraic
origira. Massari & Parea (1990) obsorved erosional surfaces ira tite upper
faroset asad tapset units asad titere isaterpretation was titat titey wore caused by
relativo sea-levol citanges ofeustatic arigisa. Titese autitors could not rocognizo
a strong toctanic control btu, instead, concluded titat diere was a cosatinued
tresad to uplifting of tite area during tite time of depositiosa. Osa tite contrary,
Cabila (1988 a & b) and Gawtitorpe & CabIla (1990) isatorproted tite
erosional surfaces isa tite foresets of Gilbort deltas as rolated ta recurrosat largo-
scalesUp evonts of sysasedimentary faults marking titeback edgo of tite fareset
usait. Sucit mavemesats caused rejuvonation of tite fault scarp, failure (slump)
of tite delta front, asad stackisag of several groups of foresot beds soparated by
slido surfacos. Sucit citasages did saot imply a majar citasage in tite directiosa of
faresot pragradatiosa.
Sequence stratigrapity of tite dolta-faresot usaits is explained by fluctuatiosas
of sea lovol. Erosional iracisiasas wore oxcavatod durisag Iowstands. Tito lower
coarse-graisaed sub-usaits ovor¡ying tite erasional surfaces, witit cross-beddisag
dirocted up tite paleoslape (unit 1), titase called backsets isa tite lawer Usaits 2,
3 asad 4 aro tite transgrossive systems tracts folbawod by a condesasatiosa layer
(tite ferruginous gravels ofUnits 3 asad 4) witera trasasgressiosa progressed. Tito
foreset units s. sfr. aro tite itigitstand systems tracts of tite succossive units
witicb downlap tite trasasgressivo systems tract. New falis of sea lovel
praduced erasianal surfacos. Isa titis way, dio faur recognized units aro relatod
to a pattorsa of sea lovel citasages.
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Hg 13.—Response of delta froní and siope of a Gilbert-type delta to sea lovel changos and
sequence stratigraphy of the bay-fill of Cuatro Calas.
Fig 13.—Respuesta del frentedeltaica y el talud de un delta de tipa Oilbert a los cambiosde nivel
del mary estratigrafía secuencial del relleno de bahía de Cuatro Calas.
At least fivo main depositional evesats are distisaguisited ira tite transitiosa
zane (Fig. 13). Isa general, itigitstand ta early lawstand prograding beacit units
were partly oroded during a relativo fail of sea lovel (towstand), and lowstand-
to-early-transgressive deposits cavered tite resultisag valloys. Marino
transgressive-to-itigitstand deposits covored tite encased terrostrial dopasits.
Relativo changos of sea level are raecessar>’ ta explaisa tite vertical stacking of
uraits and tite ropeated isacisiora wititout fuliiterevidenco ofnoat increase ofsea
leve]. Alluvial deposits filled scaurod topagrapities oroded isa oidor coastal
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ridges well bolaw tite sea levol titat existed durisag dio sodimesatation of tite
ridges.
Tite marino unit M-5 represents tite last transgrossian recorded isa titearea,
most probably related to tectosaic movemosats titat upliftod dio margisa of tite
basin ta itorizasas no langor usador tite roacb of dio sea. Yousager terrostrial
opisodes (Figs. 1 asad 2) isategrate a post-Gilbert alluvial event.
Tbus, tite developmesat of tite complex Gilbert-t>’pe delta followod a
ropetitive pattorsa isa response to relativo changos of sea lovel (Fig. 14):
progradatiora occurred ira itigitstands asad esatrosacitment arad coastal wodge ira
lawstasad asad oarly trasasgrossion. A itigitstasad Gilbort-type delta (Stage 1)
prograded witera tite sea level rase aboye dio delta prism. Falís of sea level
inducod orosion of pali of tite delta prism (Stage 2), both by wave actiasa asad
by entresacitment of fluvial citansaols. Tite cansaibalized detritus arad tite fluvial
isaput were carriod dowra to tite sitelf and accumulated isato lowstasad (2 deltas)
wedgos. Later risos of sea lovol allawed progradatiosa of dio palily-dostroyed
itigitstand delta (Stage 3). Pragradatian of delta lobos may itave occurrod in
a directiosa similar or obliquo to titat of tite former itigitstand delta, probabí>’
due ta tite noed to adapt ta tite previausly orodod, irregular reliof asad
progradation wititin fasa-dissoctisag valleys (Muto & Olcada, 1991). Beacitos
ira tite delta frorat prograded seaward widi variable anglos becauso of changos
in tite sitare arientatiosas isaducod by littoral drift asad local constraints.
Casasequeratí>’ tite>’ may diverge somewitat fram tite average delta-lobo
progradatiosa.
Tite various parts of tite delta roactod differosatly to titoso sea-lovel citarages
asad genorated variable facies associations.
Progradatiara of camplex delta prisms daes saot imply a continuous
stillstand as previousl>’ assumed far simple Gilbert-type deltas (Etitridge &
Wescott, 1984, Postma y Roop, 1985). Progradatiosa may accur ayer a very
sitoli timo iraterval, passibly durisag a penad of slow sea-level citasages or
durisag a long-time intorval durisag sea-levol starad-still. Mast prababí>’ sea-
level changos cosatnibutod to tite destructiosa of tite convox-upward upper pan
of dio sigmoidal foresets of same units (2, 3-bis, 4), tite dovelopmosat of
orosional surfaces separating foroset and transition-zone deposits.
Sea-levol curves for late Plioceno and Pleistoceno are citaractonized by
successive low-frequeracy cyclos ofriso arad falí; faur of diese cyclos itapponod
ira late Plioceno witit sequerace-boundary ages: 3.8, 3.0, 2.4 and 1.6 miflion
years asad asaatiter ira early Pleistoceno witit uppor bouradary age: 0.8 milliora
years (Haq of al., 1988). Titis rapid evolution may accaunt for subaerial
exposure arad drowning of largo parts of tite basin margira, but titoy are not fast
esaaugit tojustify tite stackisag of units asad tite repeated scour-arad-fill pattersa
observed ira Cuatro Calas. Titorefa-re aur observatiosas carasaoct titese small-
scale citanges to tite itigit-frequency fluctuatiosas of sea levol alroady
documonted ira SE Spain durisag tite Lato Plioceno and Quatemary (Bardají of
a!., 1990) superimposod osa losager-lastirag tectanic uplift.
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Fig 14.—Repetitive pattern of relativo sea-level fluctuations and developtnent of complex
compound Gilbert-type deltas in Cuatro Calas.
Fig 14.—Esquema repetitivo de fluctuaciones del nivel relativo del mar y desarrollo de un delta
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CONCLUSIONS
Tite bay of Cuatro Calas was gonerated during late Plioceno times b>’ a
local downward bending of oidor Noagono matorials witicit favaurod a
relativo riso of sea lovel and invasion by dio sea. The studied bay-fiIl depasits
consist of units witit large-scalo foresots titat filled most of tite dopressiasa
topped by youngor sets of afflapping trasasitiora-zone units witit asa overalí
tabular sitape. As a witole, tite>’ gesaerated a Gilbert-type delta morpitolagy
titat is a summatory of smallor-scale delta usaits doposited during successivo
itigitstasads of sea lovel. We can observo osal>’ tite itigitstand delta deposits.
Lowstand wedgos lay under tite Present Moditorranean sea.
Accordisag ta tite sodimentalogical data presented, befare we propase a
delta cannectod te a river plain with rapidly shifting channeis. Rivers flowing
mostly from tite saoliit dolivered sodiment to largo sogmesats of caast (lino
saurce). Tite coarser graisa sizos were captured isa dio gravelly refloctive
boacites of tite wave-workod delta front. A delta platform, caverod witit
burrowed sand asad scattered clasts extended seaward of tite wave-workod
delta front. A steep slope witit dips rangisagfram 250 to 120 connected tite delta
platform with tite shell. Graded bedding asad intense burrowing of delta-
farosot (síape) beds indicate ara episodio iraput of sedimerat: downslope
avalasacitisag was follawed b>’ long inactive periods. Wave rewarkisag of tite
delta front also isadicates episodic alluvial iraput. Tito Cuatro Calas Gilbert
delta fits Pastma’s (1990b) prototypo 4 («classic Gilbeli-typo»). It is
comparable to present-day deltas of epitemeral stroams feodisag gravelí>’
beachos isa SE Spain.
Pragradation of tite delta gesaerated a twa-fold large-scale cross-
stratification: a lawer itigit-asagle relatod to tite advancisag delta-foresot and tite
upper ano associated ta progradatiara of boacit usaits.
Evidosace of sea-levol citanges comes from tite orosianal surfaces fausad isa
tite foreset asad tite trasasition zane dopasits. Sequenco stratigrapity of tite
foreset uraits is explained by fluctuatiosas of sea lovel. Erasional isacisiosas were
excavated during ¡owstands. Tito lawor coarse-grainod sub-usaits averlyirag
tite erasianal surfaces, witit cross-beddisag diroctod up tite paleoslape (Unit 1)
asad backsots isa Units 2, 3 asad 4, witicit are transgressive systems tracts
followod by a conderasatiasa ¡ayer (tite ferrugisaous gravels of Uraits 3 arad 4)
witon transgressiora progrossed. Tite foreset usaits s. sfr. are itigitstasad systems
tracts downlappisag tite transgressive systems tract. At loast five main
dopositional ovents are distisaguisited ira tite transition zane. Higitstasad toearly
lowstasad progradirag beacit usaits wore palily erodod durisag a relativo fail of
sea level (lowstand) asad lowstand ta early transgressive deposits fillod dio
resulting valleys. Marine trasasgressive-to-itighstand doposits covored tite
oncased torrestrial deposits. Tite marine unit M-5 represents tite last
trarasgrossion recordod isa tite area. Most probabí>’ delta sodimeratatiosa come
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to asa end bocause of tectosaic uplift of tite basin margin. Youngor terrestrial
episodes isatograto a post-Gilbert alluvial evosat.
Titus, dio developmesat of tite complox Oilboli-type delta fallowed a
repotitive pattersa isa response to fluctuatiosas of sea lovol: progradatiasa of
itigitstasad Gilbert-type delta (Stage 1) was followed by ontrosacitmosat asad
coastal wedge isa Iowstasad and oarly transgression (Stage 2). Tite various palis
of tite delta reacted difforesatly to titese sea-levol citasages asad gesaerated
variable facies associations.
Progradation of complox delta prisms does not impí>’ a eosatinuous
stillstasad as previously assumed for simple Gilbeli-type deltas.
Tito rapid ovolution of tite bay-fill can be related ta itigit-froquoncy
fluctuatiaras of sea levol already documosated isa SE Spain durisag Lato Plioceno
asad Quaternary, superimpased osa longer-lasting toctosaic uplift.
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